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Thermogenesis in Syngonium (Araceae)

Mathieu Chouteau, Denis Barabé, and Marc Gibernau

Abstract: Floral cycles and spadix temperatures were recorded for two species of Syngonium: Syngonium schottianum
Wendl. ex Schott (section Cordatum) and Syngonium angustatum Schott (section Syngonium). Both species exhibited a 3-
day flowering cycle, beginning with stigma receptivity and opening of the spathe the first day, the female phase continues
over the second day, and the male phase continues over the third day. These species displayed two distinct patterns of
heat production during flowering. In S. schottianum, the spadix warmed up twice during the beginning of the second and
third nights, but in S. angustatum, the spadix warmed up twice the second day, once the second night, and once the third
day. These different thermogenic cycles are discussed in regard to other genera that are phylogenetically close or sharing
similar flowering and thermogenic cycles.
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Résumé : Les auteurs ont etudié les cycles floraux et les températures des inflorescences chez deux especes de Syngo-
nium : Syngonium schottianum Wendl. ex Schott (section Cordatum) et Syngonium angustatum Schott (section Syngo-
nium). Les deux especes possedent un cycle floral de trois jours, débutant avec la réceptivité des stigmates et I’ouverture
de la spathe le premier jour, la phase femelle continue le deuxiéme jour, suiviede la phase male le troisieme jour. Ces es-
péces exhibent deux types distincts de courbes de température des spadices. Chez le S. schottianum, le spadice produit
deux pics distincts de chaleur au début des seconde et troisieme nuits, tandis que chez le S. angustatum, le spadice produit
des pics de chaleur deux fois au cours de la premiere journée, une fois la deuxieme nuit, et une fois la troisieme journée.
Les auteurs discutent ces différences de cycles thermogeniques, en relation avec d’autres genres phylogénétiquement voi-

sins ou qui ont des cycles similaires de floraison et de thermogenése.

Mots-clés : Syngonium, Araceae, cycle floral, thermogeneése.

[Traduit par la Rédaction]

Introduction

Thermogenesis in reproductive organs is common in the
Araceae but also exists in several other plant families: An-
nonaceae, Arecaceae, Magnoliaceae, Nymphaeaceae, and
Zamiaceae. Heat production by floral structures is generally
associated with emission of fragrances, arrival of pollinators,
and liberation of pollen (Tang 1987; Gottsberger 1990;
Yafuso 1993; Azuma et al. 1999; Seymour 1999; Thien et
al. 2000; Lamprecht et al. 2002). Although numerous studies
have focused on the production of heat by inflorescences of
Araceae, few of them document the complete thermogenic
cycle (Nagy et al. 1972; Seymour et al. 1983; Barabé and
Gibernau 2000; Gibernau et al. 2000, 2003; Gibernau and
Barabé 2000; Ivancic et al. 2004, 2005; Maia and
Schlindwein 2006).

Thermogenesis and the flowering cycle have not been
studied in the neotropical genus Syngonium, which consists
of over 32 species (for unpublished observations see Beath
1998). The protogynous inflorescences of the genus Syngo-
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nium bear small flowers enclosed in the spathe (Fig. 1). The
pistillate flowers occupy the lower portion of the spadix,
whereas the male flowers are located on the upper portion.
In the median portion of the spadix, there is a zone consist-
ing of sterile male flowers (Fig. 1). The genus Syngonium
belongs to the Caladieae tribe, which contains seven genera,
including Xanthosoma and Caladium (Mayo et al. 1997;
Barabé et al. 2004). Given that floral morphology, flowering
cycle, thermogenic pattern, and pollinators (beetle) of Cala-
dium (Maia and Schlindwein 2006) and Xanthosoma
(Garcia-Robledo et al. 2004) are similar to those of Philo-
dendron, which have been studied in detail (Gibernau et al.
1999, 2000; Gibernau and Barabé 2000, 2002; Barabé et al.
2002), one would expect to find the same pollination mech-
anism in Syngonium.

Our study measured the temperature in the different zones
of the spadix for two Syngonium species belonging to two
different sections (i) Syngonium schottianum Wendl. ex
Schott (section Cordatum) and (ii) Syngonium angustatum
Schott (section Syngonium). The temperature of the spadix
was recorded during the entire flowering cycle, and at the
same time the flowering behaviour (movement of the spathe,
odour production, pollen release) was recorded on plants
grown under greenhouse conditions.

The specific goals of this study are (i) to characterize the
pattern of heat production in two different sections of the
genus Syngonium, (ii) to compare the thermogenic cycle of
Syngonium with phylogenetically related genera, and (iii) to
analyze the thermogenic pattern of Syngonium in relation to
the putative mechanism of pollination in this genus.
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Fig. 1. (A) Inflorescence of Syngonium schottianum during the first day of the flowering cycle. (B) Inflorescence of S. schottianum during
the first day of the flowering cycle. The spathe (left) has been removed from the inflorescence, and the different zones of the spadix (right)
can be observed. FF, zone of female flowers; SMF, zone of sterile male flowers; MF, zone of male flowers. Scale bar = 6 cm.

b |

Fig. 2. (A) Inflorescence of S. schottianum during the first day of the flowering cycle. The constricted zone of the spathe is fully open
(arrow), and access to the pistillate flowers (lower zone of the spadix) is possible. (B) Inflorescence of S. schottianum during the third night
of the flowering cycle. Filamentous pollen is released from the male zone, which falls and accumulates in the bowl formed by the constric-

tion zone of the spathe (arrow). Scale bar = 4 cm.

Materials and methods

Syngonium schottianum Wendl. ex Schott (section Corda-
tum) is a hemiepiphyte. The four inflorescences per axil
open successively at the base of the leaves. The spadix,
measuring between 18.6 and 20.2 cm, is whitish and about
one-third shorter than the spathe. The female flowers occupy
the lower portion (2.8-3.5 cm) of the spadix, whereas the

male flowers are located on its upper portion (13.8-14.2 cm).
In between, there is a short intermediate zone (2-2.5 cm long)
of sterile male flowers. The spathe is 22-26 cm long and
green with red stripes on the tube. There is a clearly defined
constriction zone at the level of the spadix between sterile and
fertile male flowers (Figs. 1 and 2).

Syngonium angustatum Schott (section Syngonium) is a
hemiepiphyte that usually grows below the tree canopy. The
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inflorescences, generally seven per axil, are situated in the
upper part of the plant. The spadix (4-8.5 cm) is whitish
and about half the length of the spathe. The female flowers
occupy the lower portion (1.3-2.6 cm) of the spadix,
whereas the male flowers are located on its upper portion
(2.5-6.5 cm). In between, there is a short intermediate zone
(0.2-0.4 cm long) of a few (8-17) closely packed sterile
male flowers. The green spathe (7-14 cm long) has a con-
striction zone at the level of the spadix between the sterile
and fertile male flowers.

This study was conducted during the fall of 2002 at the
Montreal Botanical Garden and Montreal Biodome. Individ-
ual Syngonium plants were monitored regularly, and the
flowering cycle temperatures were recorded during the
opening of the inflorescence. The temperatures of five in-
florescences belonging to the same plant were measured for
S. schottianum, as were five inflorescences of S. angustatum
belonging to two different plants. Temperatures of the dif-
ferent zones of the spadix and ambient air were recorded
every 20 min with two Digi-Sense® DualLogR® thermocou-
ple thermometers. The two probes of one thermometer were
inserted approximately 5 mm deep into the spadix in the
middle of the fertile male and sterile male zones. The sterile
male zone of S. angustatum was not measured because it
was too thin; inserting a probe would have broken the spa-
dix. In this species, one probe of the thermometer was in-
serted into the middle of the female and male zones, and
the third probe was used to record ambient air temperature.
Voucher specimens were deposited at the Marie-Victorin
Herbarium  (MT): S.  angustatum  (Barabé  217),
S. schottianum (Barabé 212).

Results

Flowering appears to be asynchronous for the two species,
with inflorescences opening successively on the same indi-
vidual. The flowering cycle was a 3-day process in both spe-
cies: the spathe began to open during mid-morning or early
afternoon of the first day of the flowering cycle. At this
time, the stigmas were already moist, and no heat produc-
tion was recorded (Figs. 3 and 4). By the end of the after-
noon, the upper portion of the spathe was wide open (1/2 to
2/3 of the spathe length). At this stage, the constriction zone
of the spathe was broadly opened, and access to the pistillate
flowers was possible (Fig. 2A). In both species, the opening
of the spathe was associated with a small increase of the
spadix temperature. During the second day of the flowering
cycle, the spadix began to warm up and a spicy odor ema-
nated from the inflorescence throughout the entire day. On
the third day, the spathe constricted the spadix at the level
of the upper sterile male flowers by slowly folding around
it. By late afternoon, 1-2 h before pollen release, the lower
part of the spathe was strongly constricted around the sterile
zone of the spadix, and the pistillate flowers were no longer
accessible, while the upper spadix part was still fully ex-
posed (Fig. 2B). At this time, the anthers released large
quantities of pollen clustered in filaments, which fell and ac-
cumulated in the bowl formed by the constriction of the
spathe (Fig. 2B). The release of pollen was associated with
the end of the thermogenic cycle (Figs. 3 and 4) and the
production of a strong fragrance.

Can. J. Bot. Vol. 85, 2007

Because recorded data were similar between individuals
belonging to the same species, only one temperature meas-
urement is shown for each species, but the temperature val-
ues and times are means of five records per species.

In S. schottianum, the three zones (male, sterile male, and
female) of the spadix are synchronized in regard to temper-
ature variations (Fig. 3A). The temperatures of the fertile
and sterile male flower zones peaked at 36.2 + 0.8 °C on
the evening of the second day and at 32.4 + 3.0 °C on the
evening of the third day. This second temperature increase
(associated with pollen release) peaked earlier (1908 + 0038
hours) than on the previous night (1922 + 0015 hours). With
regard to temperature differences between the inflorescence
zones and ambient air (Fig. 3B), the fertile and sterile male
flower zones were 16.2 + 0.7 °C warmer than ambient air
during the first peak (second night) and 12.2 + 3.0 °C
warmer during the second peak (third night). Between the
two nights, the temperature of the fertile and sterile male
flower zone was 5.7 = 1.5 °C above ambient temperature.
The temperature of the female flowers remained more or
less constant within the floral chamber during the thermo-
genic cycle, following the temperature variations of fertile
and sterile male zones but without any peak.

During the morning of the second day of flowering of
S. angustatum (Fig. 4A), the temperature started to increase
only in the male zone and peaked at 29.8 + 2.7 °C (0932 +
0056 hours). Then the male zone cooled down but remained
clearly higher (2.1 £ 0.3 °C) than ambient air temperature
before peaking a second time in the afternoon of the same
day, at 28.4 + 3.5 °C (1511 + 0043 hours). Early during the
night, the temperature of the male zone began to rise, peak-
ing at 25.7 = 0.2 °C (2158 + 0105 hours). The male zone
then cooled to 20.2 + 0.8 °C and peaked again shortly after
at 28.8 + 0.1 °C in association with the release of pollen
(0816 + 044 hours), on the third day. The last heating peak
was not very clear because of variations in ambient air tem-
perature, which induced decreases in the spadix temperature
(Figs. 4A and 4B). During the first peak, male flowers were
9.4 £ 4.7 °C warmer than ambient air and during the second
peak, they were 7.6 £ 3.6 °C warmer. In the evening, the
male zone rose again to 5.3 = 0.1 °C above air temperature
and still 6.2 + 0.9 °C warmer than ambient air on the morn-
ing of the third day, when pollen was then released
(Fig. 4B).

When comparing the temperature differences between the
spadix and ambient air for S. schottianum and
S. angustatum, two distinct patterns are revealed (Figs. 3B
and 4B). For S. schottianum (section Cordatum), two clear
peaks appeared early on two successive nights, and the rest
of the time, spadix temperatures remained higher than ambi-
ent air (Fig. 4B). For S. angustatum (section Syngonium), in-
florescence temperature peaked three times during the
second day (once in the morning, again in the afternoon,
and a third time before midnight) followed by a final heat-
ing peak on the morning of the third day.

Discussion

In S. schottianum, there is a “two peak”™ pattern of heat
production (Fig. 3B). A peak occurs after the second sunset,
followed by a “plateau” (e.g., a prolonged heating) phase,
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Fig. 3. (A) Temperature curves (°C) of the male zone, the sterile male zone, the female zone, and the ambient air during 4 successive days
of flowering for S. schottianum. (B) Curves of differences in temperature (°C) between the male zone, the sterile male zone, and the female
zone, and the ambient air during 4 successive days of flowering for S. schottianum with information on the flowering cycle. The flowering
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during which the temperature of the different zones (female,
sterile male, and fertile male) is maintained 4-7 °C above
ambient air temperature until the third night, when the sec-
ond peak occurs, in association with pollen release. The
“plateau” phase is not always very clear because of the rapid
increase of ambient temperature before noon (Figs. 3A and
3B). The amplitude of the first peak (35-37 °C) and its oc-
currence under greenhouse conditions (Montréal in October—

December) is in accordance with unpublished observations
made by Beath (1998) on the same species at La Selva Bio-
logical Station, which is visited by beetles (supposedly Erio-
scelis columbica: Dynastinae, Scarabaeideae). At anthesis,
during the second peak, Beath (1998) reported that pollina-
tors are attracted a second time to the inflorescence to eat
pollen. Observations in the field and results obtained under
greenhouse conditions are thus similar.
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Fig. 4. (A) Temperature curves (°C) of the male zone, the female zone, and the ambient air during 4 successive days of flowering for
Syngonium angustatum. (B) Curves of differences in temperature (°C) between the male zone, the female zone, and the ambient air during 4
successive days of flowering for S. angustatum with information on the flowering cycle. The flowering cycle is completed during the first
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Syngonium angustatum shows a different pattern of heat
production from that of S. schottianum. The spadix temper-
ature of the smaller S. angustatum displays a “four peak”
pattern: the male zone temperature peaks three times on the
second day (once in the morning, again in the afternoon, and
a third time around midnight) followed by a final heating
peak on the morning of the third day (Fig. 4B). As in
S. schottianum, our results indicate that S. angustatum has
the capacity to remain warm for a prolonged time, even if
spadix size and volume are much smaller. The smaller in-
florescence of S. angustatum releases pollen during the day
when ambient air temperature is higher than at night.

In the Syngonium species studied, the initial heating

peaks, one for S. schottianum and two for S. angustatum,
may be associated with the attraction of pollinators, which
arrive, potentially, carrying pollen from another plant to the
female flower (Beath 1998). After this first peak, the spathe
tube closes and strongly constricts the spadix above the ster-
ile male flower zone. At this stage, only the fertile male
flowers are accessible to pollinators and contrary to what
has been reported for the genus Philodendron (Gibernau et
al. 1999, 2000; Gibernau and Barabé 2002), the spathe does
not loosen or open later in the flowering cycle to permit pol-
linators to exit the inflorescence as pollen is released. The
strong constrictions of the spathe in Syngonium suggest that
pollinators do not remain in the floral chamber throughout
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Fig. 5. Schematic representation of the thermogenic cycles of Caladium bicolor (Maia and Schlindwein 2006), Alocasia macrorrhizos
(Ivancic et al. 2005), Philodendron melinonii (Barabé et al. 2002), Syngonium schottianum, and Syngonium angustatum. Day 1 represents

the time when insects arrive at the inflorescence.
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the whole flowering cycle. Therefore, the Syngonium species
studied might attract pollinators to the inflorescence a sec-
ond time when pollen is released, which is consistent with
the heating peak occurring in both studied species at the
end of the flowering cycle. Another possibility is that polli-
nators leave the floral chamber before it constricts com-
pletely and stay in the bowl formed by spathe constriction
until pollen is released.

The genus Syngonium belongs to the Caladieae tribe,
which contains seven genera, including Xanthosoma and
Caladium (Mayo et al. 1997; Barabé et al. 2004). When
considering the floral cycle, differences appear between Syn-
gonium and both Caladium and Xanthosoma. In the Syngo-
nium species studied, the day before the first heating peak
(in the morning) (Figs. 3B and 4B), stigmas are moist and
supposedly receptive when the spathe opens. Also, at the
end of the flowering cycle, the spathe constricts the spadix,
preventing access to the pistillate flowers, before pollen is
released (Figs. 3B and 4B). In Caladium and Xanthosoma,
these two particularities of the flowering cycle are not
present. The opening of the spathe and stigma receptivity in
Xanthosoma daguense (Garcia-Robledo et al. 2004) and
Caladium bicolor (Maia and Schlindwein 2006) begin a few
hours before or during the first heating peak, and the spathe
does not constrict the spadix before pollen release as in Syn-
gonium. Therefore, the flowering cycle of Xanthosoma and

Day 2 Might 2

Caladium is different from Syngonium and closer to what
has been found in the genus Philodendron, which is also
pollinated by beetles (Gibernau et al. 1999, 2000; Barabé et
al. 2002; Gibernau and Barabé 2002).

Surprisingly, even if they are not phylogenetically close
to Syngonium (Barabé et al. 2004), the fly-pollinated genera
Alocasia (Yafuso 1993; Ivancic et al. 2005) and Colocasia
(Ivancic et al. 2004) display nearly identical flowering
cycles to Syngonium. These genera have a flowering cycle
beginning with the opening of the spathe and stigma recep-
tivity 1 d before the first heating peak and, before pollen is
released, the spathe strongly constricts the spadix thereby
preventing access to the female flower zone.

The two Syngonium species studied are also different in
their respective time of male and female attraction phases.
Syngonium schottianum attracts pollinators (Erioscelis co-
lumbica according to Beath 1998) early during the second
and third nights of the flowering cycle, but S. angustatum
attracts an unknown pollinator during daylight. For both spe-
cies, the two attraction phases (associated with heating
peaks) on 2 successive days (during the night for
S. schottianum and the day for S. angustatum) are synchron-
ized and nearly overlap (Figs. 3 and 4), facilitating pollina-
tor movement from male-stage inflorescences to female-
stage ones.

When comparing thermogenic cycles of Syngonium with
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the genera mentioned earlier (Fig. 5), it appears that
S. schottianum has a cycle similar to Caladium bicolor and
the Philodendron subgenus Philodendron, which are both
night-pollinated by beetles (Gibernau et al. 1999, 2000;
Barabé et al. 2002; Gibernau and Barabé 2002). However,
the smaller S. angustatum with its four heating-peaks pattern
(Fig. 5) has a cycle different from that previously identified
in Aroids. The female (first two peaks) and male attraction
phases (last peak) occur during the morning (daylight), as
in Alocasia macrorrhizos (Ivancic et al. 2005), Alocasia
odora (Yafuso 1993), and Colocasia esculenta (Ivancic et
al. 2004), which are all pollinated by flies.

We hypothesize that S. angustatum is pollinated by day-
active insects like flies, although no neotropical aroid is
known to be pollinated by flies (Gibernau 2003); or by a
day-active beetle, as is the case in palms (Nufiez et al.
2005). Our work suggests that Syngonium has two appa-
rently different pollination syndromes. This conclusion must
be verified through field studies.

Acknowledgements

The authors thank Mrs. Karen Grislis and Dr. Christian
Lacroix for their valuable comments on the manuscript.
This research was supported by an individual Discovery
Grant from the Natural Sciences and Engineering Research
Council of Canada to Denis Barabé.

References

Azuma, H., Thien, L.B., and Kawano, S. 1999. Floral scents, leaf
volatiles and thermogenic flowers in Magnoliaceae. Plant Spe-
cies Biol. 14: 121-127. doi:10.1046/j.1442-1984.1999.00015 .x.

Barabé, D., and Gibernau, M. 2000. Etude comparative de la produc-
tion de chaleur chez quelques Araceae. Adansonia, 22: 253-263.

Barabé, D., Gibernau, M., and Forest, F. 2002. Zonal thermoge-
netic dynamics of two species of Philodendron from two differ-
ent subgenera (Araceae). Bot. J. Linn. Soc. 139: 79-86. doi:10.
1046/j.1095-8339.2002.00040.x.

Barabé, D., Lacroix, C., Bruneau, A., Archambault, A., and Giber-
nau, M. 2004. Floral development and phylogenetic position of
Schismatoglottis (Araceae). Int. J. Plant Sci. 165: 173-189.

Beath, D. 1998. Pollination ecology of the Araceae [online]. Avail-
able from www.aroid.org/pollination/beath/index.html [accessed
20 April 2006].

Garcia-Robledo, C., Kattan, G., Murcia, C., and Quintero-Marin, P.
2004. Beetle pollination and fruit predation of Xanthosoma da-
guense (Araceae) in an Andean cloud forest in Colombia. J.
Trop. Ecol. 20: 459-469.

Gibernau, M. 2003. Pollinators and visitors of aroid inflorescences.
Aroideana, 26: 66-83.

Gibernau, M., and Barabé, D. 2000. Thermogenesis in three Philo-
dendron species (Araceae) of French Guiana. Can. J. Bot. 78:
685-689. doi:10.1139/cjb-78-5-685.

Can. J. Bot. Vol. 85, 2007

Gibernau, M., and Barabé, D. 2002. Pollination ecology of Philo-
dendron squamiferum (Araceae). Can. J. Bot. 80: 316-320.
doi:10.1139/b02-006.

Gibernau, M., Barabé, D., Cerdan, P., and Dejean, A. 1999. Beetle
pollination of Philodendron solimoesense (Araceae) in French
Guiana. Int. J. Plant Sci. 160: 1135-1143. doi:10.1086/314195.
PMID:10568780.

Gibernau, M., Barabé, D., and Labat, D. 2000. Flowering and pol-
lination of Philodendron melinonii (Araceae) in French Guiana.
Plant Biol. 2: 331-334. doi:10.1055/s-2000-3712.

Gibernau, M., Barabé, D., Labat, D., Cerdan, P., and Dejean, A.
2003. Reproductive biology of Montrichardia arborescens (Ara-
ceae) in French Guiana. J. Trop. Ecol. 19: 103-107.

Gottsberger, G. 1990. Flowers and beetles in the South American
Tropics. Bot. Acta, 103: 360-365.

Ivancic, A., Lebot, V., Roupsard, O., Quero Garcia, J., and Okpul,
T. 2004. Thermogenic flowering of taro (Colocasia esculenta,
Araceae). Can. J. Bot. 82: 1557-1565. doi:10.1139/b04-118.

Ivancic, A., Roupsard, O., Quero Garcia, J., Lebot, V., Pochyla, V.,
and Okpul, T. 2005. Thermogenic flowering of the giant taro
(Alocasia macrorrhizos, Araceae). Can. J. Bot. 83: 647-655.
doi:10.1139/b05-040.

Lamprecht, 1., Schmolz, E., Blanco, L., and Romero, C.M. 2002.
Energy metabolism of the thermogenic tropical water lily, Vic-
toria cruziana. Thermochim. Acta, 394: 191-204. doi:10.1016/
S0040-6031(02)00250-2.

Maia, A.C.D., and Schlindwein, C. 2006. Caladium bicolor (Ara-
ceae) and Cyclocephala celata (Coleoptera, Dynastinae): A
well-established pollination system in the northern atlantic rain-
forest of Pernambuco, Brazil. Plant Biol. 8: 1-6.

Mayo, S.J., Bogner, J., and Boyce, P.C. 1997. The genera of Ara-
ceae. Royal Botanic Gardens, Kew, Richmond, Surrey, UK.

Nagy, K.A., Odell, D.K., and Seymour, R.S. 1972. Temperature
regulation by the inflorescence of Philodendron. Science
(Wash.), 178: 1195-1197. doi:10.1126/science.178.4066.1195.

Nufiez, L.A., Bernal, R., and Knudsen, J.T. 2005. Diurnal palm
pollination by mystropine beetles: is it weather-related? Plant
Syst. Evol. 254: 149-171. doi:10.1007/s00606-005-0340-6.

Seymour, R.S. 1999. Pattern of respiration by intact inflorescence
of the thermogenic arum lily Philodendron selloum. J. Exp.
Bot. 50: 845-852. doi:10.1093/jexbot/50.335.845.

Seymour, R.S., Bartholomew, G.A., and Barnhart, M.C. 1983. Re-
spiration and heat production by the inflorescence of Philoden-
dron selloum Koch. Planta, 157: 336-343. doi:10.1007/
BF00397405.

Tang, W. 1987. Heat production in cycad cones. Bot. Gaz. 148:
165-174. doi:10.1086/337644.

Thien, L.B., Azuma, H., and Kawano, S. 2000. New perspective on
the pollination biology of basal angiosperms. Int. J. Plant Sci.
161: S225-S235. doi:10.1086/317575.

Yafuso, M. 1993. Thermogenesis of Alocasia odora (Araceae) and
the role of Calocasiomyia flies (Diptera: Drosophilidae) as
cross-pollinators. Popul. Ecol. 22: 601-606.

© 2007 NRC Canada



